UNCLASSIFIED 


AD  NUMBER 


AD909750 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Test  and  Evaluation;  APR 
1973.  Other  requests  shall  be  referred  to 
Commander,  Naval  Explosive  Ordnance 
Dispsal  Facility,  Indian  Head,  MD  20640. 


AUTHORITY 


NAVEODFAC  ltr,  28  Nov  1973 


THIS  PAGE  IS  UNCLASSIFIED 


1  F  l? !  AND  EVALUATION  OF  A  MODIFIED 
LIQUID  AIH  GENERATOR 


!,v 

fA  (.  .  i".  iftU’z'iii't 


APRIL  1973 


{ firmtfd  fi?  U.S.  Gsjvcrnn'unt  agorictes  only:  Test  anti  Ev^lua* 
h'-n;  Apt  si  1873.  C'h;*f  r***.y  l:»f  thiv  do«  •.imqnT  must  Dt  ?»>*•■■»  it'd  to 
ihtf  Commander.  Naval  Explosive  Orrtnanoe  Disposal  facility,  Indian  Mooo, 
Maryland  20640. 


NAVAL  EXPLOSIVE  ORDNANCE  DISPOSAL  FACILITY 
INDIAN  HEAD,  MARYLAND  20640 


C.  K,  NAYLOR  LIONEL  A.  DICKINSON 

CAPTAIN.  USN  Technical  Director 

Commanding  Of  fice 


FOREWORD 


:  '  IVp.ir  -.f  ihr  Naval  K\p!» »siw  Ordnance  Disposal 

*.  :i.  ' i-"v ■- ji j : -i';t  ;>f  u«>K  ami  equipment  mvded  So  support  explo- 
•  i . S .) i > i  | ii-rui! ;!•(•■  :n  •  iiv-  pi  rf.  nuance  of  their  mission,  hi  conjunction 
program  initiated  n-  provide  naval  HOD  personnel  with  a  self  - 
;  'thing  ;et  to  be  employed  in  hazardous  environments  created  by  the 
tod  hmlogu’ul  agent-. 


■I.--  dev-i. .jn'd  by  tho  Research  and  Development  Department  which 
rev'de  a  o.oline  and  breathing  medium.  Consequently,  to  effectively 
oi  a  requirement  existed  for  developing  a  means  whereby  EOD  person 
quid  :\tr.  \  liquid  air  generator  was  developed  to  provide  the  required 


i 


ABSTRACT 

-;u or  vva;  procured  from  the  Cryogenic  Division  of  North  American  Philips 
program  w as  initiated.  Some  modifications  were  made  to  the  generator 
t>  (NAVKODFAC  Report  137).  The  modified  generator  was  subjected 
hich  is  '•ummarized  in  this  report. 
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SUMMARY 

-  ■•!  :,4|:iiU  .»r  general  or  was  operated  periodically  from  April  1970  through 

'  •*!  rnj’.l*  iiu>  x  tended  observation  of  its  operatirr  under  a  variety  of  weather  con- 

■'  on  i  he  problems  encountered  during  testing,  the  following  equipment  modifi- 

-vvri  recommended. 

1.  A  dohumidifter  should  be  designed  to  permit  extended  operating  time  between 

up  operations. 

2  Th.  .-iiiSn-r  should  be  redesigned  to  permit  operation  in  the  temperature  range  of 

i  ;>  -fi20"  F. 

d.  X  number  of  modifications  should  be  made  to  facilitate  maintenance. 

i.  The  storage  tank  should  be  modified  to  provide  a  better  liquid  level  measuring  system 
composition  control.  Unnecessary  piping  and  valves  should  be  eliminated,  and  a  means 
idl’d  to  !:>■-! -  a;:.'  the  tank  pressure  for  more  rapid  liquid  transfer. 


tNTROD'JCTiON 


i  ,;ri-  required  i-i  perform  operations  on  ordnance  items  in  environments 
!iy  she  pre-'flu  *■  of  biological  and  chemical  agents.  A  protective  clothing 
prund**  HUD  personnel  protection  from  the  effects  of  these  agents.  The 
oe\>-iep*  (.i  employs  liquid  air  as  the  source  of  cooling  and  uncontaminated 


.•••iniiKreud'y  avail, ible  liquid  air  generator  (developed  to  provide  liquid  air  to  support 
;ive  ■  hnhmg  set)  was  purchased,  tested,  and  modified.  This  modified  unit  was  then 
led  :•_>  additional  testing.  Based  on  these  test  programs  and  associated  recommendations 
the  y  modified  liquid  air  generator  and  storage  tank  will  be  functional  for  naval  personnel 
..d.,u  •!..  pr-d.-etivo  clothing  set. 


TECHNICAL  DISCUSSiON 


COUIVMENT  DESCRIPTION 

The  liquid  air  generator  is  designed  to  manufacture  liquid  air  by  condensing  atmospheric 
air  on  a  condensing  plate.  The  plate  is  cooled  by  being  placed  in  contact  with  helium  at 
cryogenic  temperatures. 

The  generator  is  composed  of  four  subsystems— the  cryogenerator,  the  water -cooling 
system,  the  chiller,  and  the  control  panel.  A  storage  tank  is  provided  to  store  the  manufactured 

liquid  air. 


A  simplified  diagram  of  the  cryogenerator  is  shown  in  Figure  1.  The  cryogenerator  is 
directly  involved  in  the  manufacture  of  the  liquid  air.  An  electric  motor  drives  a  crankshaft 
which  in  turn  causes  two  pistons  (the  displacer  and  compressor  pistons)  to  move.  The 
generator  operates  on  the  Stirling  cycle  which  is  shown  in  Figure  2. 

The  cycle  begins  with  the  upward  travel  of  the  compressor  piston  toward  top  dead  center. 
The  displacer  remains  stationary  and,  hence,  the  helium  in  the  compression  space  is  compressed 
Some  of  the  heat  generated  by  the  compression  of  the  helium  is  removed  by  the  cooling  water 
which  passes  around  the  cylinder  of  the  compression  space. 

At  the  start  of  the  second  stage  of  the  cycle,  the  compressor  piston  has  reached  top  dead 
center  and  the  helium  is  exerting  its  maximum  pressure.  The  displacer  piston  now  begins  to 
travel  downward  toward  bottom  dead  center  while  the  compressor  piston  remains  stationary. 
The  downward  motion  of  the  displacer  piston  unblocks  a  passageway  between  the  compression 
space  and  expansion  space.  Thus,  the  compressed  helium  travels  through  the  passageway  and 
expands  into  the  expansion  space.  While  passing  from  the  compression  to  the  expansion  space, 
it  tretts&re  matt  bust  of  compression  to  a  regenerator  where  it  it  stored  for  use  in  another  stage 
of  the  cycle.  After  passing  through  the  regenerator,  the  helium  expands  into  the  expansion 
which  causes  it  to  become  eootar. 


fKCTRiC 
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injure  2.  Typical  Stirling  Cycle. 

The  third  stage  of  the  cycle  consists  of  a  continued  downward  movement  of  the  displacer 
piston  accompanied  by  the  compressor  piston.  This  causes  further  cooling  of  Use  helium  due 
to  additional  expansion.  At  the  end  of  this  stage  of  the  cycle  the  displacer  has  readied  bottom 
dead  center,  causing  a  minimum  cycle  pressure  in  the  expansion  space. 

In  the  final  stage  of  the  cycle  the  displacer  begins  its  return  travel  toward  top  dead  center 
with  the  compressor  piston  remaining  stationary.  The  upward  movement  of  the  displacer 
piston  causes  the  helium  in  the  expansion  space  to  be  displaced  back  through  the  regenerator 
to  the  compression  apace.  While  passing  through  tee  regenerator,  it  absorbs  the  heat  that  was 
stored  there  on  the  second  stage  of  the  cycle.  This  completes  one  cycle  of  operation.  A  P*V 
diagram  of  a  cycle  is  gjv®  in  Figure  2. 

Thu  cold  helium  irs  ihe  expansion  space  isin  contact  with  a  piece  of  metal  called  the  con¬ 
denser.  The  cold  helium  cbbls  the  condenser  to  such  a  temperature  that  incoming,  ambient  air 
condenses  to  a  liquid  when  it  comes  into  contact  with  tee  condenser.  As  the  air  is  drawn  into 
the  cryogenerator,  it -passes  through  an  ice  and  water  separator  where  some  of  the  moisture  is 
removed.  A  vacuum  line  serves  to  remove  newt  condensable  gases  from  the  header. 


...  .1-  J:-  *  v-a'-’T  carru*’-  •;  ro  a  « 

:?.*  '• , .•  !i*i ?v. in g  air  ovor  Thtf?  refrigerant.  See  Fieurr  3. 

.  .  .  ■/  ■ ; ;  -  '  !  .-Vv  'TU*s  wn.-’I;  f*.  -t.  <1 


*#  f\v  r".r:\  hnv  -i  =  t  nr-. 


'  •  ’  :  1  '.O *  t  T.  M 1  i»7 2.  th*-  modified  liquid  air 

i  ix-rU'da  -.:ly  •  cU>!-r:nin»»  the-  .-ffwu  of  various  environments  on  equip* 

■  i>.  »-,wu-  of  maintenance  and  uj-vroiion  <*r.d  th, 

-  t  it v a  t .  .a  . atruU'-rs  an 1 1  o.xygt-n  in  the  storage  taiiK. 


A  -u-  g»-n.T.ii  <>r ,  ,-;t»  d  operating  "  .10 »xvasio»s during  th*« 

:,„i  To..  ;u\  tur  (id'-;;  i.,i  the  stoppages  were  tin-  result  oi  •  high  vacuum  bring  created 
•h-  h.  Thi--  is  caused  oy  ;•  buildup  of  frost  and  ice  within  the  header.  With  restricted 
•.!>■  fe.iv.  the  v  eu-.irn  Une  removing  ’.he  nowondensabie  gases  causes  excess  vacuum  in  the  header 
..!  tile  geiuT.it ;>r  automatically  ceases  operation.  The  healing  of  the  cooling  water  caused  six 
out  v.f  30  (or  2-h "i  J  of  tin-  shutdowns.  This  was  caused  by  an  insufficient  quantity  of  freon 
being  in  the  ehilier.  This  is  a  normal  air  conditioner  problem  and  is  easily  avoided  by  proper 
maintenance  The  frosting  of  the  header  caused  two  out  of  30  (or  7%)  of  failures.  This  is 
>  a  used  by  buildup  of  frost  around  the  header  and  is  dependent  on  ambient  humidity.  The 
water  lite-on  condition  caused  two  out  v-f  30  (or  7%)  of  failures.  This  was  caused  by  failure 
of  the  water  pump  to  operate  when  net  ue  i  it  circulate  the  water.  However,  the  cause  of  this 
failure  was  unknown  and  the  machine  restarted  immediately  upon  depression  of  the  start 
(muon. 

The  storage  tank  was  tested  for  both  the  length  of  time  it  would  hold  the  charge  and  the 
variation  in  the  liquid  air  composition  The  composition  ie  of  concern  since  liquid  nitrogen 
boils  at  -320°  F,  while  liquid  oxygen  boils  at  -297°  F.  Consequently,  the  nitrogen  boils  off 
first  leaving  an  increasing  amount  of  hquH  oxygen.  This  is  undesirable  due  to  the  combustion 
supporting  properties  of  oxygen. 

The  average  length  of  time  that  the  storage  tank  would  hold  a  full  charge  of  liquid  air 
was  13  days  and  tiring  this  period,  the  oxygen  concentration  new  fell  below  21  percent 
nor  exceeded  28  percent. 


CONCLUSION 

On  the  basis  of  the  ted.  remits,  it  wss  concluded  that  a  dehumidifier  should  be  installed. 
The  incoming  sir  would  then  he  dehumidified  ensuring  a  longer  operating  time-before  the  cryo- 
gc iterator  would  bare  to  be  shut  down  and  defrosted  due  to  moisture  accumulation  and  freezing. 

4  . 
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V moil  plumbing  changes  should  be  effected  to  facilitate  maintenance.  These  changes 
■  ;  j  nmanly  of  rerouting  piping,  wiring,  etc. 

1  in  storage  '.auk  should  have  an  improved  tank  level  gage  sinee,  on  occasion,  the 
■  one  v.ouhJ  slick .  Also,  unnecessary  plumbmg  should  be  removed  from  the  tank. 

<  >  i-  e  '  !■<  above  .  lutitges  are  accomplished,  the  equipment  should  be  ready  for  fleet 
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APPENDIX  A 

SUMMARY  OF  CRYOGENER ATOR PROBLEMS 
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UMMARY  OH  CPYOGENE  RATOR  PROBLEMS  (Continued) 
I  . 


AMri !  t  1  CG  NOl  T'Oi\S 


RELATIVE 

HUMIDITY 

UU 


HELIUM 

PRESSURE 

(psi) 


-Ml  /•' 

•'!.  *t’- 

•i’ 

ii  ]  '1,- 

V'i1-  .  m'i 

•>]  / 

WK5//0 

V.K.iUjr^ 

-irf-  i 

9/17/70 

or* 

•  vV 

*•)/  »t*/70 

OK  T.ii,L  1  :j!l 

H.V'l'.i-  »•{.' 

*  :K 

"'•l  l.> 

H)/Ot5/7» 

OK 

1iVl>7//t: 

Link  r 1  j  5 1 

‘  ,*f. 

••  K 

•i.-j 

T  ••‘J/VjV 

’-a:  1  nu 

.L$? 

i  1,00'-  /i) 

L.:\ 

i  i:  in  VO 

(.),< 

) :  .’srs:'7n 

HpO  «>H 

3  ;;;> 

12/11 1//U 

346 

12/0?/ 70 

- 

1/11/71 

Chiller  repair 

324 

1/13/71 

Oetrost  header 

31  l 

1/14// 1 

Hfdiutri  leak 

312 

3/03/71 

308 

3/04/7  1 

311 

on 

316 

3/30/7  1 

OK 

319 

OK 

319 

4/01/71 

OK 

322 

4/02/71 

OK 

319 

4/15/71 

OK 

323 

4/16/71 

OK 

324 

4/21/71 

OK 

SW 

4/22/71 

OK 

320 

4/22/71 

OK 

318 

5/10/71 

OK 

320 

5/11/71 

OK 

328 

6/30/71 

H2O  off 

3ia 

OK 

■520 

6/30/7  ) 

OK 

.•!-,?  ;,..'.h:  /Vi 


fil 


Data  «  .?.  d 


N(  EASr-il'lE 


■  ■  *•  A  M<  j } ) i F i K ! >  I  li.il  ID  AIH  t'.KNKKA  luK 


\  WFODFAC  1ECHNK-AL  REDOUT  TIM  17 


.\>.v  n.,it  '{..ii 


\  ; V.)nl.  nerneirry  tsnl\  .  Tr>!  and  Fv»  Nation:  April  1973.  Other  request 
i,.  j,  ; , s,-.  { i ; i ■  OoMifiuuuliT .  Na\,ii  K\pl-.dve  Ordnance  Disposal  Facility, 


I  A  liquid  air  generator  w? s  procured  from  the  Cryogenic  Division  of  North  American  Philips 
j  (  otporatioii  and  a  tost  program  was  initiated.  Some  modifications  were  made  to  the  generator 
j  i used  on  the  test  results  (NAVEODFAC  Report  137).  The  modified  generator  was  subjected  to 
|  additional  testing  which  is  summarized  m  this  report. 
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